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2. 选择 HZSM-5 为载体，采用溶液离子交换法（WSIE），以硝酸铜为铜源制备
Cu-HZSM-5 催化剂，当铜负载量为 1.6 wt%、反应温度 500 ℃、氮气空速 1200
mL/(gh)、氯苯流量 2.0 mL/(gh)和 V(H2O)/V(C6H5Cl)=3 时，氯苯初始转化率达
到 79%，苯酚选择性不低于 98%，少量副产物为苯、积炭及 COx。随催化反应的
不断进行，氯苯转化率逐渐下降；在氧化气氛下煅烧活化失活催化剂，可将催化
剂性能恢复至较好水平。引入适量的碱土或稀土金属如 Ca、Sr 或 La，可以使
Cu-HZSM-5 催化剂的活性和稳定性得到一定程度提高。
















相对更高的 Cu-HZSM-5 催化剂。当铜负载量为 7.8 wt%、反应温度 500 ℃、氮

























Phenol is one of the most widely used chemical feedstocks. The predominant
route for manufacturing phenol is the cumene process. Concerns that acetone will be
in oversupply owing to a disproportionately growing demand for phenol have initiated
efforts to develop phenol processes that do not produce acetone and can economically
compete with the conventional cumene route. In the past, a large amount of phenol
was manufactured by using the Raschig–Hooker process, which involves the
oxychlorination of benzene to yield chlorobenzene and the subsequent vapor phase
catalytic hydrolysis of the chlorobenzene intermediate to give phenol and hydrogen
chloride. This allows the recycling of hydrogen chloride that is used in the first step of
the process. Low conversions per pass for the key step of chlorobenzene hydrolysis
and the high investment needed for highly corrosion resistant construction materials
are the main drawbacks inhibiting the development of this process. For the
chlorobenzene vapor phase hydroxylation, relatively low conversions of 10%–15%
and phenol selectivity of ca. 95% were obtained over the conventional Cu-promoted
hydroxyapatite catalyst. Obviously, efficiently improving the conversion and phenol
selectivity of gas phase hydroxylation of chlorobenzene could promote the
competitive ablility of the Raschig–Hooker process without side-product against the
cumene process.
In the dissertation, a series of catalysts were prepared by introducing transition
metals into HZSM-5 supports following the method of water-solution ion exchange
(WSIE) and solid-state ion exchange (SSIE) and their catalytic performance for gas
phase chlorobenzene hydrolysis to phenol were studied. Catalyst characterization by
X-ray diffraction (XRD), N2 volumatric adsorption, X-ray energy dispersive
spectroscopy (EDS), and IR spectroscopy of adsorbed pyridine were carried out to
investigate the essence of catalyst deactivation. Main conclusions are as follows:
1. Among catalysts prepared by introducing copper into the supports of zeolite
Y, β, ZSM-5, SBA-15, MCM-41 and LaPO4 etc., Cu-HZSM-5 showed much
better catalytic activity for gas-phase hydrolysis of chlorobenzene to phenol
than the others. Shape-selective catalytic ability of ZSM-5 zeolite’s unique















ions exchanged into ZSM-5 zeolite may explain the excellent catalytic
ability of Cu-HZSM-5.
2. Cu-HZSM-5(WSIE) catalysts were prepared by impregnating HZSM-5
zeolite into Cu(NO3)2 solution. Under the conditions of 500 ℃, N2 space
velocity 1200 mL/(gh), chlorobenzene flux 2.0 mL/(gh) and
V(H2O)/V(C6H5Cl)=3, a chlorobenzene conversion of 79% and a phenol
selectivity of less than 98% were obtained on Cu-HZSM-5 catalyst with 1.6
wt% copper loading. Main side-products were benzene, carbon deposit and
COx. Catalysts deactivation was observed during the catalytic reaction and
the catalysts could be regenerated by oxidative calcinations. Modifying
Cu-HZSM-5 with Ca、Sr or La etc. could improve the catalytic activity and
stability.
3. Method of solid-state ion exchange with precursor CuCl can produce
Cu-HZSM-5 with higher exchange level and copper loading than that by
WSIE. Under the conditions of 500 ℃, N2 space velocity 1200 mL/(gh),
chlorobenzene flux 2.0 mL/(gh) and V(H2O)/V(C6H5Cl)=6, a chlorobenzene
conversion of 88% and a phenol selectivity of 99% were obtained on
Cu-HZSM-5(SSIE) catalyst with copper loading of 7.8 wt%. The
deactivation of catalyst was observed during the reaction and calcination
under atmosphere can regenerate activity of Cu-HZSM-5(SSIE).
Impregnation with La(NO3)3 solution prmoted the catalytic performance
and stability of Cu-HZSM-5(SSIE) catalyst.
4. Characterization results from XRD, N2 adsorption, elemental ananlysis, and
IR sepetroscopy of adsorbed pyridine suggested that copper leaching from
the catalyst, framework dealumination of HZSM-5 zeolite, and coking were
the main causes of catalyst deactivation.




























闪点，℃ (101.3 kPa) 79.0
自燃点，℃ (闭杯法) 71.5
pKa (25 ℃) 1.3×10-10
相对密度( 204d ) 1.0576
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